ment, 2 ~c of tritiated thymidine ( 1.0 c/mmole, New England Nuclear Corp., Boston, Mass.) was added to each tube. At termination, the tubes were centrifuged at 1500 g for 10 rain, the supernatants discarded, and the cell mass washed twice with 2 ml of 5% trichloroacetic acid. 0.5 ml of Hyamine (dimethylbenzylammonium hydroxide, Packard Instrument Co., Inc., Downers Grove, IlL) was added to each tube and kept overnight at room temperature in complete darkness. The contents of the tubes were transferred to Packard counting vials containing 15 ml of scintillation fluid (15.2 g 2,5-diphenyloxazole (PPO), 0.380 g 1,4-bis-2-(5-phenyloxazolyl)benzene (POPOP), 40% Triton X-100, made up to 3.8 liters with toluene), The vials were cooled to 4°C in dark and analyzed for radioactivity by a Packard liquid scintillation counter model 500D. 
RESULTS

Distribution Pattern of Normal, Antigen-Reactive Cells of the Bone Marrow on Bead Columns Coated with Normal Serum Only
It has previously been found that high-rate antibody forming cells as well as immunological memory cells (7) display a slightly enhanced capacity to become retained in a serologically nonspecific fashion when filtered through columns coated with normal serum only. In the present system, normal rabbit bone marrow cells were fractionated on bead columns coated with the serum of the bone marrow donor, in order to exclude any possible separation due to foreign serum protein antigens. The control, the passed, and the mechanically eluted, retained cells were subsequently analyzed for their sensitivity to become stimulated into increased DNA synthesis in vitro. The results are shown in Table I and demonstrate that the mechanically retained cells have a significantly increased DNA synthesis in the absence of antigen stimulation, as compared to the control and passed cells. We believe this to be caused by the damage inflicted upon the retained cells through mechanical elution, as merely shaking the control cell population with the beads, in the same way, to obtain "retained" cells could be shown to significantly increase DNA synthesis (Table  II) . Despite the increase in DNA synthesis in the absence of antigenic stimulation, there was no difference in the degree of stimulation with antigen in the three different cell groups, indicating that the specific increase of DNA synthesis by antigen was undisturbed and superimposed on the background DNA synthesis. We found that there exists a positive correlation between the background DNA synthesis of the untreated cells and their capacity to become stimulated by antigen into an enhanced DNA synthesis. This correlation could be transformed into a constant factor valid for samples from a given cell population stimulated with the same antigen if the values for DNA synthesis were expressed in log10 values. The ability of a given cell suspension to be stimulated by using a certain antigen would then be expressed as the difference between the DNA synthesis in the stimulated population as compared to that of the untreated cells (logt0 mean of the stimulated group minus logt0 mean of the control group). This method of calculating reactivity to antigenic stimulation in vitro has been followed throughout this article.
Specific Fractionation of Normal Antigen Reactive Bone Marrow Cells by Antigen Coated Columns
Normal bone marrow cells were applied to two separate columns coated either with HSA or OA. Passed and retained cells were recovered as described in the previous chapter and cultured in vitro in the presence or absence of HSA or OA. The unpassed cells were always cultured in the same way to serve as controls. The results are presented in Table III. The experiments yield conclusive and clearcut results. Cells that had passed through an antigen-coated column display a selective decrease in reactivity towards that antigen in vitro whereas the retained, mechanically elated cells show a specific increase towards the same antigen. A total of 31 experiments were carried out, of which 26 yielded results showing a significant change of :~ Relative reactivity, HSA/OA values of different groups as compared to control ratio (control ratio ~ 100). distribution pattern of specific reactivity after filtration of cells through an antigen-coated column. In the remaining negative experiments, the results were considered as suggestive of specific separation but values of significance were low (P > 0.1). No experiment yielded results contrary to those reported above.
As can be seen in Table III , a significant increase in the background DNA synthesis was found in all retained cell populations. The degree of enhanced thymidine incorporation as compared to control and/or passed cell populations was similar, as found previously when using columns coated with normal rabbit serum only (Table IV) . We consider that this increase was a consequence of the mechanical elution procedure and not caused by the bead-attached antigen. 
The Effect of Free Antigen on the Separation of Normal Antigen-Sensitive Cells by the Antigen-Coated Columns
This experiment was designed in accordance with the postulate of a cellassociated antibody where the presence of free antigenic molecules in the columnar fluid during the cellular filtration would be expected to compete with the bead-attached antigen for cellular "antibody", thus blocking the elimination of specific antigen-reactive cells. This has previously been shown to function when testing high-rate antibody-forming and memory cells passing antigencoated columns (7).
Normal bone marrow cells were incubated with or without free antigen for 5 rain, whereafter the cells were applied to antigen-coated columns in the presence or absence of free antigen in the columnar fluid. The concentration of free antigen was kept between 0.5 to 2 mg/ml of fluid which has been shown to function in blocking the selective elimination of plaque-forming cells (PFC) or memory cells passing through antigenic columns (7) . After the fracfionafion, all cells were washed twice with cold medium, counted, and assayed in vitro for their capacity to undergo DNA synthesis in the presence of HSA or OA.
The results in Table V show a specific blocking of separation by the use of free antigen in the column, whereas specific separation was achieved by the columns which contained no free antigen. This experiment further substantiates the concept of the "antibody" receptors on the outer surface of the normal antigen-reactive cells present in the bone marrow.
The Response to Antigen of Normal Antigen-Reactive Cells when Applied but not Allowed to Pass Completely through the Antigen-Coated Columns
To study further the specificity of the normal antigen-reactive cells and function of the antigen-coated columns, normal bone marrow cells were applied to two separate columns, each coated with BSA. In one column the cells were allowed to pass through and both the passed and retained fraction were recovered as described earlier. The cells applied to the second column were allowed to travel to the bottom end, whereupon the column beads were recovered and the "passed and retained" fraction eluted, cultured, and compared with the passed and retained cells of the first column and the cells that were not applied to the column.
The results are presented in Table VI and show that the "passed and retained" cells behave in a similar fashion as the control cells which were not applied to the column. On the other hand, a specific separation was accomplished in the first column, where the cells were allowed to pass through completely. These results further strengthen the concept that the antigen-coated column merely serves as an immunological filter without activating the specific antigen-reactive cells, as the passed and retained cells could be shown to have the same immunological reactivity as the original cell suspension.
Induction of Specific Immunological Unresponsiveness of Normal Bone Marrow Cells In Vitro
Controversy exists as to whether specific unresponsiveness can be induced in antigen-reactive cells derived from the bone marrow (1, 10, 11). As the immunological nature of the DNA stimulation of normal bone marrow cells in vitro by antigen is well established, (4, 5 , and the present article) we decided to investigate whether immunological paralysis could be demonstrated in the present system.
The experimental set-up consisted of cultivating samples of the same batch of normal bone marrow in two series of tubes. To both series a varying concentration of one antigen was added, whereas a constant dose of a second antigen was added to only one series of tubes. The concentration of the second antigen was chosen as to induce optimal DNA stimulation of the normal bone marrow cells. Induction of paralysis against the first antigen under certain conditions could then be verified to be immunological in nature if a normal response towards the second antigen could be demonstrated in the parallel group of tubes.
The results shown in Table VII and Figs. 1-3 , clearly demonstrate a specific lack of DNA stimulation when too high a concentration of one antigen is used. That this lack of increase of thymidine uptake by these cells is immunological and not caused by unspecific toxicity of the high amount of antigen is shown by the normal DNA stimulation by a second antigen in optimal concentration. It can also be seen from the results in Table VII and Figs. 1-3 that cultivation with a mixture of two antigens under optimal conditions for both antigens does not add any significant DNA stimulation to that obtained by one antigen only. The finding that OA will stimulate DNA uptake at a lower concentration than HSA or BSA is in agreement with the greater immunogenicity of OA in vivo as expressed by the induction of immunity with lower doses of immunogenY These results support the concept that bone marrow~derived antigen-reactive cells can be rendered specifically and immunologically unresponsive. 
DISCUSSION
Accumulating evidence strongly suggests that complex cellular interactions are necessary for induction and the appearance of high-rate antibody-forming cells (1, 2, 13) . Cellular cooperation has been demonstrated to take place between lymphoid cells derived from different organ systems, such as thymus and bone marrow (1-3), and to involve intermarriage between cells reacting against different antigenic sites present on the same immunogenic molecule (13, 14) . Precursors for high-rate antibody synthesis have been shown in the mouse to involve cells of bone marrow origin (1, 2), whereas thymus-derived lymphocytes are capable of enhancing the antibody-forming capacity 2 Andersson, B., and H. Wigzell. 1969 . Unpublished data. of the bone marrow-derived cells (1-3, 10, 11 ). In the rabbit, normal bone marrow cells contain antigen-reactive elements as indicated by induction of DNA synthesis by antigen in vitro (4) (5) (6) 8 , and the present article). The immunological specificity of this reactivity is certified by the selective change in antigenic reactivity of bone marrow cells taken from early immune or immunologically tolerant animals, where in both systems a selective decrease in reactivity towards stimulation with the relevant antigen was recorded (5). The mechanism(s) underlying this diminished reactivity after introduction of immunogen and/or tolerogen in vivo is not well understood. In the normal rabbit, bone marrow cells are unique in their response to antigenic stimulation in vitro, as no such response was ever recorded with cells derived from normal lymph node, spleen, or thymus (4). This distribution pattern of reactivity is not limited to the rabbit, however, but could also be shown to occur in another animal species tested, the mouse (17) . In view of the importance of the bone marrow system for the provision of potential, high-rate antibody-forming cells (1-3) further studies on the behavior of isolated antigen-reactive cells of the normal bone marrow in vitro might yield important information on their role in the complex building up of an immune response. It remains, however, to be established whether the singular reactivity in vitro of the normal bone marrow cells is due to the existence of a specific, antigen-recognizing cell unique for the marrow, or whether there exist marrow-specific cells capable of responding in a secondary manner by increased DNA synthesis as a consequence of a reaction in their vicinity between antigen and an antigen-recognizing cell. A selective elimination from the passed population of cells reactive against the antigen used for coating the column has previously been reported in detail (7), whereas only very preliminary reports on the elimination of the immune reactivity of normal spleen, lymph node, (15) or bone marrow cells (8) have been presented from this laboratory.
In the present study we could show that normal bone marrow cells have preformed antibodies on their outer surface, allowing a selective retention of the relevant antigen-reactive cells when filtered through antigen-coated columns. The test for the immune potential of the separated bone marrow cells involved stimulation with antigens in vitro and measure of DNA synthesis. Blocking of the specific eliminatory capacity of the column was obtained with free antigen in the medium during cellular filtration, in agreement with the surface antibody concept. The blocking argues against the possibility that immunological tolerance was induced in the passing cells by the bead-attached antigen, as a normal DNA response was delivered by these cells. In some experiments with no free antigen in the medium, cells were allowed to pass through to the bottom of the column, whereupon all cells recovered were cultured together in vitro (passed and retained cells) with antigen.
No change in immunological reactivity towards antigenic stimulation with the antigen used for coating the column or with a second antigen wa~ observed in these experiments, indicating that the cellular attachment to the bead-linked antigen for a short time in vitro did not cause any change in the immunological reactivity of the cells. A substantial percentage of the bone marrow cells filtering through the columns was retained (around 50 % of the cells applied to the column), mainly due to nonimmunological forces, as similar retention figures were obtained when using columns coated with normal serum only. These high numbers would tend to largely disqualify the bead columns for enrichment of antigen reactive cells, as the absolute immune reactivity per unit cell number of the retained cells when tested against the antigen used for coating the column was only slightly enhanced (less than by a factor of 2) when compared to the reactivity of the control cells.
In a very recent article, however, results have been presented on the separation of antigen-sensitive normal rabbit bone marrow cells on antigen-coated columns followed by an analysis in vivo of their immune potential after transfer into allogeneic rabbits (9) . In disagreement with our results (7, 8, 15 , and the present article), they report a close to 50-fold absolute increase in specific immune reactivity of the retained cells, indicating not only a passive enrichment of the administered antigen-reactive cells by the column, but also a significant specific stimulation of the immune reactivity of the column-administered cells by the column antigen (9) . This finding, in conjunction with the exceedingly narrow range of variation in the number of antibody-forming cells in their system (Table I, Ref. 16), would suggest that their cellular system involves certain unique features.
As mentioned in the introduction, conflicting views exist as to the possibility of inducing immunological paralysis in bone marrow-derived lymphocytes (1, (10) (11) (12) . In the present system we could demonstrate that there exists a clearcut dose-response relationship between the antigen dose and the subsequent DNA response of the marrow cells. Supraoptimal concentration of one antigen failed to induce increased DNA synthesis and the immunological nature of this lack of reactivity was indicated by the normal response of the same cells when confronted with an optimal dose of a second antigen. The molecular concentration of three different antigens needed to induce this state of specific unresponsiveness was found to be similar, whereas differences were recorded when finding the lowest concentration of antigen capable of inducing a maximum increase in DNA synthesis above background values. There exists a positive correlation between the lowest dose of an antigen needed to induce detectable immunity in vivo e (13) and that necessary to increase the DNA synthesis of normal bone marrow cells in vitro. No evidence was found of a two-zone dose phenomenon in the present induction of a state of specific unresponsiveness.
We consider the above data in support of the view that bone-marrow derived lymphocytes can be rendered immunologically tolerant (12) . We would like to stress, however, that caution should be applied in the interpretation of the present results. Specific lack of reactivity towards antigenic stimulation in vitro has been demonstrated, but it remains to be established as to what consequences this lack of reactivity would have for the potential capacity of the marrow population to produce precursor cells for high-rate antibody formation (1-3) .
In conclusion, normal bone marrow cells could be separated according to specific antigenic reactivity by allowing the cells to sieve through antigencoated bead columns. Experimental evidence supported the view that the fractionation was caused by the existence of preformed, antigen-reactive receptors present on the outer surface of the antigen-reactive cells. It is assumed that these receptors play a vital role in the recognition of antigen, but formal proof for this is lacking. Specific paralysis of the antigen-reactive cells of the normal bone marrow could be induced by antigen in vitro as indicated by the absence of increased DNA synthesis.
SIYMMARY
Normal rabbit bone marrow cells have been studied according to their immunological reactivity in vitro. The test system involved stimulation by antigen after the subsequent stimulation into cellular proliferation by measuring the uptake of tritium-labeled thymidine. Specific separation of immunological reactivity was obtained by filtration of cells through antigen-coated bead columns. All experimental evidence supported the view that this separation was due to the existence of preformed antibody molecules on the outer cell surface of the antigen-recognizing cells.
The response to antigenic stimulation was shown to be strictly dose related and, using supraoptimal concentrations of one antigen, no increased DNA synthesis was recorded. That this state of unresponsiveness represented a state of immunological paralysis was indicated by the normal response of these cells to stimulation by a second antigen in optimal concentration.
Thus both methods, cell separation on antigen-coated columns or induction of specific unresponsiveness by antigen in vitro, can produce a cell population specifically devoid of cells reactive against a given antigen.
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